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Original Article

Efficacy of the mRNA-1273 SARS-CoV-2
Vaccine at Completion of Blinded Phase
H.M. El Sahly, L.R. Baden, B. Essink, S. Doblecki‑Lewis, J.M. Martin,
E.J. Anderson, T.B. Campbell, J. Clark, L.A. Jackson, C.J. Fichtenbaum, M. Zervos,
B. Rankin, F. Eder, G. Feldman, C. Kennelly, L. Han‑Conrad, M. Levin,
K.M. Neuzil, L. Corey, P. Gilbert, H. Janes, D. Follmann, M. Marovich,
L. Polakowski, J.R. Mascola, J.E. Ledgerwood, B.S. Graham, A. August,
H. Clouting, W. Deng, S. Han, B. Leav, D. Manzo, R. Pajon, F. Schödel,
J.E. Tomassini, H. Zhou, and J. Miller, for the COVE Study Group*

A BS T R AC T
BACKGROUND

At interim analysis in a phase 3, observer-blinded, placebo-controlled clinical trial,
the mRNA-1273 vaccine showed 94.1% efficacy in preventing coronavirus disease
2019 (Covid-19). After emergency use of the vaccine was authorized, the protocol
was amended to include an open-label phase. Final analyses of efficacy and safety
data from the blinded phase of the trial are reported.
METHODS

We enrolled volunteers who were at high risk for Covid-19 or its complications;
participants were randomly assigned in a 1:1 ratio to receive two intramuscular
injections of mRNA-1273 (100 μg) or placebo, 28 days apart, at 99 centers across
the United States. The primary end point was prevention of Covid-19 illness with
onset at least 14 days after the second injection in participants who had not previously been infected with the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The data cutoff date was March 26, 2021.
RESULTS

The trial enrolled 30,415 participants; 15,209 were assigned to receive the mRNA1273 vaccine, and 15,206 to receive placebo. More than 96% of participants received both injections, 2.3% had evidence of SARS-CoV-2 infection at baseline, and
the median follow-up was 5.3 months in the blinded phase. Vaccine efficacy in
preventing Covid-19 illness was 93.2% (95% confidence interval [CI], 91.0 to 94.8),
with 55 confirmed cases in the mRNA-1273 group (9.6 per 1000 person-years; 95%
CI, 7.2 to 12.5) and 744 in the placebo group (136.6 per 1000 person-years; 95% CI,
127.0 to 146.8). The efficacy in preventing severe disease was 98.2% (95% CI, 92.8
to 99.6), with 2 cases in the mRNA-1273 group and 106 in the placebo group, and
the efficacy in preventing asymptomatic infection starting 14 days after the second
injection was 63.0% (95% CI, 56.6 to 68.5), with 214 cases in the mRNA-1273
group and 498 in the placebo group. Vaccine efficacy was consistent across ethnic
and racial groups, age groups, and participants with coexisting conditions. No
safety concerns were identified.

The authors’ full names, academic degrees, and affiliations are listed in the
Appendix. Dr. El Sahly can be contacted
at hana.elsahly@bcm.edu, or at 1 Baylor
Plaza, Departments of Molecular Virology and Microbiology and Medicine, BCMMS280, Houston, TX, 77030. Dr. Baden
can be contacted at lbaden@bwh.harvard.edu, or at the Division of Infectious
Diseases, Brigham and Women’s Hospital, 15 Francis St., PBB-A4, Boston, MA
02115.
*The members of the COVE Study Group
are listed in the Supplementary Appendix, available at NEJM.org.
Drs. El Sahly and Baden contributed equally to this article.
This article was published on September
22, 2021, and updated on October 1, 2021,
at NEJM.org.
DOI: 10.1056/NEJMoa2113017
Copyright © 2021 Massachusetts Medical Society.

CONCLUSIONS

The mRNA-1273 vaccine continued to be efficacious in preventing Covid-19 illness
and severe disease at more than 5 months, with an acceptable safety profile, and
protection against asymptomatic infection was observed. (Funded by the Biomedical Advanced Research and Development Authority and the National Institute
of Allergy and Infectious Diseases; COVE ClinicalTrials.gov number, NCT04470427.)
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he global morbidity, mortality, and
societal disruption caused by the coronavirus disease 2019 (Covid-19) pandemic
prompted accelerated clinical vaccine development and regulatory interventions to mitigate
some of its consequences. Between December
2020 and February 2021, three vaccines against
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) received Emergency Use Authorization (EUA) from the Food and Drug Administration (FDA) on the basis of data from
observer-blinded, randomized, controlled trials
demonstrating safety and efficacy against Covid-19
after a median follow-up of 2 months after vaccination.1-4 The short-term efficacy of the vaccines
observed in the clinical trials was also observed
after vaccine deployment in the general population.5-10 Longer-term safety and efficacy of the
vaccines have remained open questions of public
health import.
The phase 3 trial of mRNA-1273, a lipid
nanoparticle–encapsulated mRNA expressing the
prefusion-stabilized spike glycoprotein of SARSCoV-2,11 showed a 94.1% vaccine efficacy against
Covid-19, with an acceptable safety and side-effect
profile after a median follow-up of 64 days.1
These early findings supported the issuance of
the EUA, after which the protocol was amended
to offer participants the option of having the
group assignments unblinded and, for those
who had received placebo, the option to receive
the mRNA-1273 vaccine. Here we report the vaccine efficacy and safety results of the final
analysis of the blinded phase of the trial, ending
5.3 months after the second dose, and in additional analyses in important subgroups of interest, as well as findings on the effect of vaccination on asymptomatic infection and on efficacy
at various time intervals since vaccination.

Me thods
Trial Oversight

In this phase 3, observer-blinded, randomized,
placebo-controlled trial, adults in medically stable
condition were enrolled at 99 sites in the United
States.1 After the FDA issued an EUA for the use
of mRNA-1273 in December 2020, the protocol
was amended to include two parts (A and B; see
Figs. S1 and S2 in the Supplementary Appendix,
available together with the protocol with the
full text of this article at NEJM.org). Part A, the
2
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observer-blinded phase of the trial, concluded
when participants were informed of their group
assignments; those in the placebo group were
offered the opportunity to receive mRNA-1273
(the participant-decision visit). Part B, the openlabel phase of the trial, is currently ongoing.
Participants will continue to be followed for up
to 2 years, as originally planned.
The trial is being conducted in accordance
with the Good Clinical Practice guidelines of the
International Council Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use, and applicable government regulations. The
central institutional review board approved the
protocol and the consent forms. All participants
provided written informed consent.
Participants, Randomization, and Data
Blinding

Part A of the trial was a stratified, observerblinded, randomized, placebo-controlled evaluation of the efficacy, safety, and immunogenicity
of the mRNA-1273 SARS-CoV-2 vaccine as compared with placebo in eligible participants who
were at least 18 years old and had no known
history of SARS-CoV-2 infection and whose locations or circumstances put them at appreciable
risk of acquiring SARS-CoV-2 infection or who
were at high risk for severe disease (or both).1
Participants were randomly assigned in a 1:1
ratio to receive two doses of the mRNA-1273
vaccine (100 μg) or placebo and were stratified
according to age and Covid-19 complications
risk criteria (≥18 to <65 years and not at risk,
≥18 to <65 years and at risk, and ≥65 years). The
trial design, efficacy assessments, and vaccine
have been described previously.1
Safety Assessments

Safety measures included solicited local and systemic adverse events with onset during the 7 days
after each injection; unsolicited adverse events
with onset during the 28 days after each injection; adverse events leading to discontinuation
from receiving injections, participating in the
trial, or both; medically attended and serious
adverse events occurring during the trial; and
severity of the events, which were graded as described in the protocol. Safety data, all Covid-19
cases, and severe Covid-19 cases were continuously monitored by the data and safety monitoring board.

n engl j med  nejm.org
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Efficacy Assessments

Participants provided nasopharyngeal swab and
blood samples before the first and second injections of vaccine or placebo and before the unblinding of the group assignments at the participant-decision visit. Efficacy assessments included
surveillance for Covid-19 symptoms from enrollment throughout the trial. Efficacy end points
were adjudicated by an independent adjudication
committee whose members were unaware of
group assignments.
For the primary end point, mRNA-1273 vaccine efficacy in preventing a first occurrence of
Covid-19 with onset at least 14 days after the
second injection, Covid-19 cases were defined by
at least two systemic symptoms (temperature
≥38°C, chills, myalgia, headache, sore throat,
or new olfactory or taste disorders), or at least
one respiratory sign or symptom (cough, shortness of breath, or clinical or radiologic evidence
of pneumonia), and were confirmed by positive
SARS-CoV-2 reverse-transcriptase–polymerasechain-reaction (RT-PCR) assay of nasopharyngeal swab, nasal, or saliva samples. Participants
were monitored daily for at least 14 days after
diagnosis or until symptoms resolved. Severe
Covid-19 was defined as confirmed Covid-19
plus one clinical sign of severe systemic illness
(Tables S1 and S2). Secondary end points include
the efficacy of the mRNA-1273 vaccine in preventing severe Covid-19, Covid-19 after the first
dose, Covid-19 regardless of prior SARS-CoV-2
infection, Covid-19 according to a secondary
definition (the Centers for Disease Control and
Prevention definition, requiring only one symptom), serologically confirmed SARS-CoV-2 infection (positive binding antibody against SARSCoV-2 nucleocapsid protein in participants who
were SARS-CoV-2–negative at baseline), SARSCoV-2 infection (positive RT-PCR assay) regardless of symptom status, and asymptomatic SARSCoV-2 infection (absence of symptoms, with
infections starting at least 14 days after the
second injection, including seroconversion at
day 57 or at the participant-decision visit, or a
positive RT-PCR assay at the participant-decision
visit).

1273 vaccine as compared with placebo for the
primary end point, prevention of Covid-19 starting at 14 days after the second dose, were described previously1 and are also provided in the
protocol. Analysis populations included the randomization population; the full analysis population, comprising participants who had undergone randomization and received at least one
dose of mRNA-1273 or placebo; the modified
intention-to-treat population, consisting of participants in the full analysis population who had
no immunologic or virologic evidence of SARSCoV-2 infection before the first dose; the perprotocol population, consisting of participants
in the modified intention-to-treat population
who received two doses, with no major protocol
deviations; and the solicited safety and safety
populations (described in Table S3).
The prespecified primary efficacy analysis was
performed in the per-protocol data set, starting
14 days after the second dose of vaccine or placebo. The efficacy of the mRNA-1273 vaccine
was estimated with a stratified Cox proportionalhazards model. Incidence rates and vaccine efficacy were estimated by 1 minus the hazard
ratio (mRNA-1273 vs. placebo), and the corresponding 95% confidence interval was based on
the total number of cases adjusted according to
total person-time. Additional details of the primary and secondary efficacy analyses are provided in Table S4 and in Supplementary Methods.
The final efficacy analysis presented herein is
based on cleaned data through the completion
of the blinded phase, Part A, with a data cutoff
date of March 26, 2021, when 95.0% of the trial
participants had completed the participant-decision visit or had discontinued participation in the
trial.

R e sult s
Trial Population

From July 27 to October 23, 2020, a total of
30,415 participants underwent randomization;
15,206 were assigned to the placebo group and
15,209 to the mRNA-1273 group (Fig. 1 and Fig.
S2).1 More than 96% of participants (14,727 in
the placebo group and 14,635 in the mRNA-1273
Statistical Analysis
group) received second injections. A total of 531
Determination of the sample size (30,000 partici- participants (3.5%) in the placebo group and 453
pants) and aspects of the statistical analysis de- (3.0%) in the mRNA-1273 group did not receive
signed to demonstrate the efficacy of the mRNA- the second injection, mainly owing to confirmed
n engl j med  nejm.org
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30,415 Participants underwent
randomization

15,206 Were assigned to receive
placebo

15,209 Were assigned to receive
mRNA-1273

40 Did not receive placebo

15,162 Received at least one
dose and were included
in the safety population

15,166 Received at least one dose
and were included in the full
analysis population

29 Did not receive mRNA-1273

15,180 Received at least one dose
and were included in the full
analysis population

421 Were excluded from the
modified intention-to-treat
population
337 Were SARS-CoV-2–positive
at baseline
84 Had missing data
14,745 Were included in the modified
intention-to-treat population

434 Were excluded from the
modified intention-to-treat
population
347 Were SARS-CoV-2–positive
at baseline
87 Had missing data
14,746 Were included in the modified
intention-to-treat population

581 Were excluded from the perprotocol analysis
7 Received incorrect vaccine
119 Received second dose
outside planned time frame
425 Discontinued without
receiving second dose
30 Had other major protocol
deviation
14,164 Were included in the
per-protocol analysis

15,184 Received at least one
dose and were included
in the safety population

459 Were excluded from the perprotocol analysis
6 Received incorrect vaccine
102 Received second dose
outside planned time frame
334 Discontinued without
receiving second dose
17 Had other major protocol
deviation
14,287 Were included in the
per-protocol analysis

Figure 1. Randomization and Analysis Populations.
Eight participants, including six with major protocol deviations and two who erroneously underwent randomization twice, were excluded
from the original randomization population (30,423 participants) and from all analysis sets. The full analysis population comprised all
participants who had undergone randomization and received at least one injection; the modified intention-to-treat population included
participants in the full analysis population who had no immunologic or virologic evidence of previous Covid-19 (i.e., had both a negative
nasopharyngeal swab specimen and a negative anti-nucleocapsid antibody test result) at day 1 before the first injection; and the perprotocol population consisted of all participants in the modified intent-to-treat population who received planned injections according to
the schedule and had no major protocol deviations that affected key trial data. The safety population included all participants who had
undergone randomization and received at least one injection; this population was used for all safety analyses except the analysis for solicited adverse events. For safety analyses, participants were evaluated according to the injection received. Three participants assigned
to the mRNA-1273 group received two doses of placebo and were included in the placebo safety population, and seven participants assigned to the placebo group received one or two doses of mRNA-1273 and were included in the mRNA-1273 safety population. The data
cutoff date was March 26, 2021.

SARS-CoV-2 infection or withdrawal of consent.
Trial discontinuations in the placebo group (691
participants [4.5%]) and the mRNA-1273 group
(440 participants [2.9%]) were most commonly
due to protocol deviations, withdrawal of consent, or loss to follow-up. The imbalance of discontinuations between the placebo and mRNA4

1273 groups coincided with the FDA issuance of
the EUAs for Covid-19 vaccines and reflected the
intent of placebo recipients to receive a vaccine
under EUA as it became available (Fig. S3). By
the data cutoff date (March 26, 2021), 27,109
participants had been informed of their group
assignments at a participant-decision visit, and
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1855 had been informed before the participantdecision visit because they intended to receive
a vaccine under EUA through their provider. A
total of 28,964 participants entered the openlabel phase of the trial.
Vaccine safety was assessed among 30,346
participants in the safety population (Fig. 1).
The prespecified primary efficacy analysis was
performed in the per-protocol population, which
included 28,451 participants who were SARSCoV-2–negative at baseline and had received two
doses of vaccine by the final analysis in the
blinded phase. The median duration of followup from randomization to data cutoff or trial
discontinuation was 212 days (interquartile range,
193 to 225), the duration from the second dose
to data cutoff or discontinuation was 183 days
(interquartile range, 165 to 194), and the duration from randomization to unblinding was 148
days (interquartile range, 131 to 162). Baseline
demographic and clinical characteristics were
balanced between the placebo group and the
mRNA-1273 group (Table S5).1
Safety

At the end of the blinded phase, the frequencies
of solicited local and systemic adverse events
were consistent with those reported previously,1
with such events occurring less frequently in the
placebo group (in 48% and 43% of participants
after the first and second injections, respectively)
than in the mRNA-1273 group (88% and 92%)
(Fig. S4 and Tables S6 through S13). Women
were slightly more likely than men to have grade
3 solicited adverse events after the first and second injections (Table S8). Occurrences of solicited adverse events were generally similar with
the two injections, regardless of severe Covid-19
risk status (Table S9), and were less common
after both doses among participants with previous SARS-CoV-2 infection than among those
without previous SARS-CoV-2 infection, with the
exception of systemic adverse events after the
first dose of mRNA-1273, which occurred more
often in participants previously infected with
SARS-CoV-2 (62% vs. 55%, respectively) (Tables
S11 and S12). The incidence of local adverse
events with delayed onset starting on day 8 after
an injection was higher after the first injection
(80 participants [0.5%]) than after the second
injection (10 participants [<0.1%]), and the most
common local adverse event reported on or after

day 8 was erythema in the mRNA-1273 group
after the first (68 participants [0.4%]) and second (6 [<0.1%]) injections (Table S13).
The frequencies of unsolicited, severe, and serious adverse events reported during the 28 days
after either injection were generally similar in
the two groups in the overall safety population,
regardless of age or risk factors for severe
Covid-19 (Tables S14 through S18). The frequency
of grade 3 and medically attended adverse events
that were considered to be related to injection of
placebo or vaccine was lower in the placebo
group (0.2% and 0.6%, respectively) than in the
mRNA-1273 group (0.5% and 1.3%) (Table S14).
Overall, 0.6% of placebo recipients and 0.4% of
vaccine recipients had adverse events that resulted
in their not receiving the second dose, and less
than 0.1% in both groups discontinued trial
participation because of adverse events after either injection. Adverse events that were considered to be related to the injections were reported
by 8.5% of placebo recipients and 13.9% of
mRNA-1273 recipients during the observation
period of the study and were generally similar to
those reported previously regardless of age (Tables S19 through S21). Serious injection-related
adverse events occurred in 4 placebo recipients
(<0.1%) and in 12 mRNA-1273 recipients (<0.1%).
Hypersensitivity reactions were reported in
1.8% of placebo recipients and in 2.2% of vaccine recipients, with anaphylaxis occurring in
2 participants (<0.1%) in each group (Table S22).
Dermal filler reactions were reported in 14 placebo recipients (<0.1%) and in 20 mRNA-1273
recipients (0.1%) with a history of dermal filler
injections (Table S23). Three cases of Bell’s palsy
(<0.1%) were reported in the placebo group and
8 in the mRNA-1273 group (<0.1%); no case was
considered to be related to the placebo or the
vaccine (Table S24). Thromboembolic events were
observed in 43 placebo recipients (0.3%) and in
47 mRNA-1273 recipients (0.3%) (Table S25). No
cases of myocarditis were reported. Pericarditis
events occurred in 2 participants each (<0.1%) in
the placebo and mRNA-1273 groups (both events
>28 days after the second dose) and were considered serious (Tables S20 and S21). A total of 32
deaths had occurred by completion of the blinded phase, with 16 deaths each (0.1%) in the
placebo and mRNA-1273 groups; no deaths were
considered to be related to injections of placebo
or vaccine, and 4 were attributed to Covid-19
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(3 in the placebo group and 1 in the mRNA-1273
group) (Tables S19 and S26). The Covid-19 death
in the mRNA-1273 group occurred in a participant who had received only one dose; Covid-19
was diagnosed 119 days after the first dose, and
the participant died of complications 56 days
after diagnosis.
Efficacy Analyses

A total of 799 adjudicated cases of Covid-19 in
the per-protocol population were included in the
primary efficacy analysis; 744 cases (5.3%) were
in the placebo group and 55 (0.4%) were in the
mRNA-1273 group (Figs. 2 and 3 and Tables S27
and S28). The vaccine efficacy was 93.2% for the
prevention of Covid-19 starting at least 14 days
after the second dose, with incidences of 136.6
cases per 1000 person-years (95% confidence
interval [CI], 127.0 to 146.8) in the placebo
group and 9.6 cases per 1000 person-years (95%
CI, 7.2 to 12.5) in the mRNA-1273 group. The
vaccine efficacy for adjudicated cases in the
modified intention-to-treat population was 92.3%
(95% CI, 90.1 to 93.9). Vaccine efficacy in preventing severe Covid-19, a key secondary end
point, was 98.2% (95% CI, 92.8 to 99.6) in the
per-protocol population, with 106 severe cases
in the placebo group and 2 in the mRNA-1273
group. Vaccine efficacy was consistently high in
subgroups, including participants 65 years of age
or older and 75 years of age or older, those with
coexisting conditions, those belonging to various racial and ethnic groups, and those with
various categories of occupational risk exposures
(Fig. 4 and Table S29). When examined by specific time interval since completion of vaccination
over the duration of follow-up, the efficacy of
the mRNA-1273 vaccine in preventing Covid-19
remained consistent, with efficacy greater than
90% observed 4 months or more after the second injection (Fig. 5, Fig. S5, and Table S30).
Symptoms most commonly reported in the adjudicated Covid-19 cases in both groups were
cough, fatigue, headaches, and nasal congestion;
severe obesity and diabetes were contributing risk
factors for severe Covid-19 (Tables S31 and S32).
Secondary end points (Fig. 3 and Table S27)
also included vaccine efficacy according to the
secondary definition of Covid-19 (the Centers for
Disease Control and Prevention definition, requiring only one symptom) starting 14 days after the
second injection in the per-protocol population;
6
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Figure 2 (facing page). Efficacy of the mRNA-1273 Vaccine
in Preventing Covid-19.
In Panels A and C, the dashed vertical line denotes the
adjudicated assessment beginning at day 42 (14 days
after the second injection of vaccine or placebo). Tick
marks in all three panels indicate censored data. Vaccine efficacy was defined as 1 minus the hazard ratio
(mRNA-1273 vs. placebo), and 95% confidence intervals
were estimated with the use of a stratified Cox proportional-hazards model with Efron’s method of tie handling
and with treatment group as a covariate, adjusted for stratification factor. The data cutoff date was March 26, 2021.

according to the secondary definition, the vaccine efficacy was 93.4% (95% CI, 91.4 to 94.9).
Among participants who were SARS-CoV-2–negative at baseline, a total of 712 participants (498
in the placebo group and 214 in the mRNA-1273
group) were found to be SARS-CoV-2–positive by
RT-PCR assay or anti-nucleocapsid antibody test
in the absence of symptoms starting 14 days after
the second injection, through and including the
participant-decision visit, and were considered to
have asymptomatic infection (Fig. 3 and Tables
S27 and S28). Vaccine efficacy in preventing
asymptomatic SARS-CoV-2 infection, based on
the hazard ratio using the competing risk method,
was 63.0% (95% CI, 56.6 to 68.5). In an analysis
of asymptomatic infections after randomization,
with data accrued up to and including the participant-decision visit, 157 participants in the
placebo group and 153 in the mRNA-1273 group
were RT-PCR–positive only; 306 participants in the
placebo group and 48 in the mRNA-1273 group
showed seroconversion by anti-nucleocapsid antibodies, and 115 participants in the placebo group
and 7 in the mRNA-1273 group tested positive
in both anti-nucleocapsid antibody testing and
RT-PCR assay in the absence of symptoms. Findings for asymptomatic infection were similar in
the modified intention-to-treat population (Table S28). For the secondary end point of prevention of SARS-CoV-2 infection (regardless of symptom or severity), the vaccine efficacy was 82.0%
(95% CI, 79.5 to 84.2) beginning 14 days after
the second injection in the per-protocol population, with 1339 participants in the placebo group
and 280 in the mRNA-1273 group who had
documented infection, defined as a positive result on RT-PCR assay at 14 days or more after the
second injection or seroconversion at day 57 or
later, through the participant-decision visit.
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Subgroup

Placebo
(N=14,164)

of

m e dic i n e

mRNA-1273
(N=14,287)

Vaccine Efficacy (95% CI)
percent

number of events
Covid-19
Severe Covid-19
Covid-19 (secondary definition)
Death from Covid-19
Covid-19 ≥14 days after first injection
Covid-19 regardless of previous SARS-CoV-2
status
Asymptomatic
Asymptomatic seroconversion
SARS-CoV-2 infection

744
106
807
3
769
754

55
2
58
0
56
58

93.2 (91.0–94.8)
98.2 (92.8–99.6)
93.4 (91.4–94.9)
100.0 (NE–100.0)
93.3 (91.1–94.9)
92.8 (90.6–94.5)

498
306
1339

214
48
280

63.0 (56.6–68.5)
—
82.0 (79.5–84.2)
0

25

50

75

100

Figure 3. Vaccine Efficacy for Primary and Secondary End Points.
Vaccine efficacy was defined as 1 minus the hazard ratio (mRNA-1273 vs. placebo), and 95% confidence intervals
were estimated using a stratified Cox proportional-hazards model with Efron’s method of tie handling and with the
treatment group as a covariate, adjusted for stratification factor. The P value for the vaccine efficacy against Covid-19
(upper right corner) is P<0.001. The dashed vertical line represents a vaccine efficacy of 30%, based on the null hypothesis that the primary efficacy of the mRNA-1273 vaccine is 30% or less. In the Covid-19 rows, censoring rules
for efficacy analyses (Covid-19 cases based on eligible symptoms and positive reverse-transcriptase–polymerase-chainreaction [RT-PCR] assay within 14 days before the second injection) were applied, except for deaths from Covid-19.
If a participant had a positive RT-PCR assay at the visit before the second dose (day 29) without eligible symptoms
within the previous 14 days, or a positive anti-nucleocapsid antibody test at a scheduled visit before Covid-19 was
diagnosed, the participant’s data were censored at the date of the positive RT-PCR assay or anti-nucleocapsid antibody test. Covid-19 diagnoses were based on adjudication committee assessments. The data for Covid-19 regardless of previous SARS-CoV-2 status were based on the number of participants in the full analysis population (15,166
participants in the placebo group and 15,180 participants in the mRNA-1273 group). Data for the asymptomatic subgroup include data from the participant-decision visit. Asymptomatic was defined as the absence of symptoms (according to either the primary efficacy end point of Covid-19 or the secondary definition of Covid-19 [the Centers for
Disease Control and Prevention definition, requiring only one symptom]) and of infection as detected by RT-PCR assay (at scheduled visits) or seroconversion (anti-nucleocapsid antibody test). In the primary approach, documented
asymptomatic infection was counted beginning 14 days after the second injection, which required seroconversion at
month 2 (day 57 through the participant-decision visit). Asymptomatic seroconversion excludes infections confirmed
by RT-PCR assay only and includes infections confirmed by seroconversion and those confirmed by both RT-PCR and
seroconversion (Table S28). Vaccine efficacy and 95% confidence intervals for asymptomatic SARS-CoV-2 infection
were estimated with Fine and Gray’s subdistribution hazard model, with disease cases as competing events and with
treatment group as a covariate, adjusted for stratification factor. Results for additional end points are summarized
in Table S27. The data cutoff date was March 26, 2021. NE indicates that the lower bound of the 95% confidence
interval could not be estimated.

For the secondary end point of Covid-19 with
onset at least 14 days after the first injection, the
vaccine efficacy, based on adjudicated cases of
Covid-19 in the per-protocol population among
participants who received both injections (769 in
the placebo group and 56 in the mRNA-1273
group), was 93.3% (95% CI, 91.1 to 94.9). In an
exploratory analysis performed in a modified
intention-to-treat subpopulation of 425 participants in the placebo group and 334 in the
mRNA-1273 group who had no evidence of
SARS-CoV-2 infection at baseline and who received only one injection, adjudicated Covid-19

8

cases were observed in 45 participants (10.6%) in
the placebo group and in 4 participants (1.2%)
in the mRNA-1273 group (Table S33). Six severe
Covid-19 cases occurred in recipients of a single
injection of placebo (1.4%), and one severe case
occurred in a recipient of a single injection of
the mRNA-1273 vaccine (0.3%).

Discussion
The data compiled through the completion of
the blinded phase of the COVE trial provide further evidence of the safety and efficacy of mRNA-
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Subgroup

Placebo
(N=14,164)

mRNA-1273
(N=14,287)

Vaccine Efficacy (95% CI)
percent

no. of events/total no.
Overall
Age
≥18 to <65 yr
≥65 yr
≥65 to <75 yr
≥75 yr
Sex
Male
Female
Race or ethnic group
White
Black
Asian
American Indian or Alaska Native
Native Hawaiian or other Pacific Islander
Hispanic or Latinx ethnicity
Hispanic or Latinx
Not Hispanic or Latinx
Coexisting conditions
Chronic lung disease
Significant cardiac disease
Severe obesity (BMI >40)
Diabetes
Liver disease
HIV
Occupational risk
No risk
Health care providers
Emergency response providers
Retail and restaurant workers
Manufacturing and production operators
Warehouse shipping and fulfillment
center workers
Transportation and delivery service
providers
Border protection and military personnel
Personal care and in-home service
providers
Hospitality and tourism workers
Pastoral, social, or public health workers
Educator and students
Other

744/14,164

55/14,287

93.2 (91.0 to 94.8)

644/10,569
100/3595
81/2898
19/697

46/10,661
9/3626
9/2990
0/636

93.4 (91.1 to 95.1)
91.5 (83.2 to 95.7)
89.7 (79.6 to 94.9)
100.0 (NE to 100.0)

378/7494
366/6670

30/7439
25/6848

631/11,273
41/1352
29/700
5/113
0/31

48/11,391
4/1391
1/628
0/109
0/36

93.0 (90.6 to 94.7)
91.1 (75.2 to 96.8)
96.6 (74.2 to 99.5)
100.0 (NE to 100.0)
NE (NE to NE)

177/2787
563/11,249

10/2831
45/11,322

94.8 (90.2 to 97.3)
92.6 (90.0 to 94.5)

30/692
30/696
75/980
72/1363
5/90
4/82

4/675
4/726
7/1009
3/1402
1/100
0/85

87.2 (63.8 to 95.5)
88.0 (65.9 to 95.8)
91.4 (81.4 to 96.0)
96.2 (87.9 to 98.8)
81.0 (−64.8 to 97.8)
100.0 (NE to 100)

72/2480
209/3261
25/273
58/875
21/390
13/158

4/2541
13/3631
2/287
5/870
2/390
2/174

94.8 (85.8 to 98.1)
94.4 (90.3 to 96.8)
93.0 (70.6 to 98.4)
92.0 (80.0 to 96.8)
90.9 (61.0 to 97.9)
86.1 (38.4 to 96.9)

22/428

2/428

91.3 (62.8 to 97.9)

3/66
29/413

0/64
2/417

100.0 (NE to 100)
93.5 (72.8 to 98.5)

10/200
36/485
77/1478
237/4506

3/214
1/506
7/1476
23/4586

74.1 (5.6 to 92.9)
97.6 (82.2 to 99.7)
91.3 (81.2 to 96.0)
91.1 (86.3 to 94.2)

92.5 (89.1 to 94.8)
93.8 (90.7 to 95.9)

0

25

50

75

100

Figure 4. Efficacy of the mRNA-1273 Vaccine in Preventing Covid-19 in Subgroups.
Analysis of the vaccine efficacy of mRNA-1273 in the prevention of Covid-19 in various subgroups in the per-protocol population was based on adjudicated assessments starting 14 days after the second injection. Vaccine efficacy,
defined as 1 minus the hazard ratio (mRNA-1273 vs. placebo), and 95% confidence intervals were estimated with
the use of a stratified Cox proportional-hazards model with Efron’s method of tie-handling and with the treatment
group as a covariate, adjusted for stratification factor if applicable. The total number of events for race includes 38
placebo recipients and 3 mRNA-1273 recipients who were in “Multiple,” “Other,” or not reported or unknown categories, and the total number for ethnicity includes 4 placebo recipients and no mRNA-1273 recipients who were in
not reported or unknown categories (not shown). Race and ethnic group were reported by the participant. The
body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. Additional subgroup data are provided in Table S29. The data cutoff date was March 26, 2021. HIV denotes human immunodeficiency virus.
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Placebo mRNA-1273
(N=14,164) (N=14,287)

Placebo mRNA-1273
(N=14,164) (N=14,287)

Vaccine Efficacy (95% CI)

number of cases

incidence rate per 1000 person-yr

percent

After randomization
769
≥14 Days after first injection
769
After second injection
768
≥14 Days after second injection
744
After first injection
769
After first injection up to second injection
1
After first injection to <14 days after first injection 0
≥14 Days after first injection up to second injection 1
Second injection to <14 days after second injection 24
≥14 Days after second injection
744
≥14 Days after second injection to <2 mo
227
after second injection
434
≥2 Mo after second injection to <4 mo after
second injection
83
≥4 Mo after second injection

56
56
56
55
56
0
0
0
1
55
19

141.2
141.2
141.0
136.7
141.2
0.9
0
1.7
44.2
197.4
141.5

9.8
9.8
9.8
9.6
9.8
0
0
0
1.8
13.6
11.6

93.1 (90.9–94.8)
93.1 (90.9–94.8)
93.1 (90.9–94.8)
93.0 (90.8–94.8)
93.1 (90.9–94.8)
100.0
—
100.0
95.9 (74.7–99.9)
93.1 (90.9–94.9)
91.8 (86.9–95.1)

28

247.3

14.8

94.0 (91.2–96.1)

8

202.4

15.4

92.4 (84.3–96.8)
0

25

50

75

100

Figure 5. Incidence of Covid-19 According to Time Periods in the Per-Protocol Population.
The incidence rate based on adjudicated Covid-19 cases was defined as the number of participants with an event during the period divided by
the number of participants at risk at the beginning of each period and adjusted by person-years (total time at risk) in each treatment group.
The dashed vertical line represents a vaccine efficacy of 30% based on the null hypothesis that the primary efficacy of the mRNA-1273
vaccine is 30% or less. The number of person-years was calculated from randomization to the date of onset of Covid-19, the end of each
time period, the last date of participation in the trial, or the efficacy data cutoff date, whichever date was the earliest. For the analysis of
time intervals starting from 14 days after the first injection, starting from the second injection, and starting 14 days after the second injection, assessed every 2 months, person-years for each time period were defined starting from the beginning of each time interval and
truncating at the end of the interval (if there was an ending time). Vaccine efficacy was defined as 1 minus the hazard ratio (mRNA-1273
vs. placebo). The 95% confidence interval for the ratio was calculated with the exact method, conditional on the total number of cases
and adjusted for person-years for the time period. The data cutoff date was March 26, 2021.

1273 in preventing symptomatic Covid-19 as well
as preventing SARS-CoV-2 infection regardless of
symptom and severity in adults, including those
65 years of age or older and those with coexisting conditions, and across various ethnic and
racial groups. These findings are based on a
median follow-up of 148 days in the blinded
phase and are similar to those observed previously at a median follow-up of 64 days, indicating that the high efficacy of the mRNA-1273
vaccine is maintained in the medium term. Of
importance, the vaccine provided substantial
protection against asymptomatic infection (63%;
95% CI, 56.6 to 68.5), though at a lower vaccine
efficacy than that for symptomatic infection.
The efficacy of the mRNA-1273 vaccine did not
wane up to 4 months after the second injection
and beyond. It is notable that the efficacies
found in phase 3 trials of Covid-19 vaccines have
thus far translated into high effectiveness in the
general population, including effectiveness against
variants of concern that are associated with reductions in neutralization, such as the B.1.351
10

(beta) and B.1.617.2 (delta) variants.8,12-15 Additional data gathered from regions with current
and potential surges in transmission of variants
of concern are important toward informing
strategies for administering additional doses of
vaccine.
No safety concerns were identified in this
trial. However, robust safety surveillance systems have identified rare events during the
global distribution of Covid-19 vaccines that the
phase 3 studies were not powered to detect;
thus, continued vigilance is warranted, including monitoring for anaphylactic reactions, especially in persons with allergic phenotypes, and
for other potential unexpected reactions, such as
myocarditis in adolescents and young adults.16
Given the high efficacies of the vaccines1,3,17 and
the burden of the pandemic, the risk–benefit
ratio remains strongly in favor of broad deployment of the vaccines. Despite differences in the
definitions of disease severity, the vaccine efficacy is supported by real-world data: vaccination
has been shown to be highly effective in pre-
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venting severe Covid-19, associated hospitalizations, and deaths, as well as mild or asymptomatic infection, regardless of race and age.9,12,18-20
Several important limitations of the trial
should be considered. At the trial design stage in
early 2020, the efficacy and safety of the mRNA1273 vaccine were unknown; for that reason, certain key populations such as pregnant women,
children, and immunocompromised persons were
not included in the trial. Studies in these populations are currently ongoing, and the data that
are emerging in adolescents and pregnant
women are reassuring.21-24 Although no safety
concerns associated with the mRNA vaccines
have been identified in immunocompromised
persons, these vaccines appear to be less immunogenic in such persons.25,26 Given the period
during which the blinded phase of the trial was
conducted, assessment of vaccine efficacy in preventing Covid-19 caused by SARS-CoV-2 variants
of concern is limited, since circulation of the
variants was low. Future exploratory analyses are
needed to probe this question. It should also be
noted that the sensitivity of detection of asymptomatic infection in this trial was somewhat
limited by the assessment of seroconversion at
fixed time points, the kinetics of seroconversion
of anti-nucleocapsid antibodies (which may take
weeks to emerge after an initial infection and
then wane relatively quickly), as well as the possible diminished detection of SARS-CoV-2 by
RT-PCR, owing to a reduced duration of infection in vaccine recipients and the infrequent
collection of samples from asymptomatic participants in the trial.
We found that the efficacy of the mRNA-1273
vaccine against Covid-19 and severe Covid-19
was maintained for more than 5 months after
the second dose among all subgroups in the
trial, including those at risk for severe complica-

tions. Asymptomatic SARS-CoV-2 infections were
also reduced. No safety concerns were identified
in this trial. The interplay of viral evolution with
vaccine distribution in the next months will determine the trajectory of the pandemic, which
continues to evade predictions and shape much
of the social and economic life in the United
States and worldwide.
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